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Top quarks are abundantly produced at the CERN LHC. The predicted top quark pair production cross section ($\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{\mathrm{t}\overline{\mathrm{t}}}$$\end{document}$) in proton--proton (pp) collisions, at a centre-of-mass energy of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$8\,\text {TeV} $$\end{document}$, is 253$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\text { pb}$$\end{document}$, with theoretical uncertainties at the level of 5--6%. A precise measurement of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{\mathrm{t}\overline{\mathrm{t}}}$$\end{document}$ is an important test of perturbative quantum chromodynamics (QCD) at high energies. Furthermore, precision $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\overline{\mathrm{t}} $$\end{document}$ cross section measurements can be used to constrain the top quark mass $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm{t}}$$\end{document}$ and QCD parameters, such as the strong coupling constant $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _S$$\end{document}$ \[[@CR1]\], or the parton distribution functions (PDF) of the proton \[[@CR2]\].
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In the standard model, top quarks are predominantly produced in pairs via the strong interaction and decay almost exclusively into a $\documentclass[12pt]{minimal}
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The analysis employs calibration techniques to reduce the experimental uncertainties related to $\documentclass[12pt]{minimal}
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The results of the cross section measurements are given both for the visible region, i.e. for the phase space corresponding to the event selection, and for the full phase space. The visible region is defined by requiring the presence in the simulation of exactly one lepton, one neutrino, and at least four jets passing the selection criteria, as presented in Sect. [5](#Sec5){ref-type="sec"}.

This paper is structured as follows: after a description of the CMS detector (see Sect. [2](#Sec2){ref-type="sec"}), the data and the simulated samples are discussed in Sect. [3](#Sec3){ref-type="sec"}, while Sect. [4](#Sec4){ref-type="sec"} is dedicated to the event selection. The analysis technique and the impact of the systematic uncertainties are addressed in Sect. [5](#Sec5){ref-type="sec"} and in Sect. [6](#Sec8){ref-type="sec"}. The results of the cross section measurements are discussed in Sect. [7](#Sec9){ref-type="sec"}. Section [8](#Sec13){ref-type="sec"} describes the alternative analysis based on $\documentclass[12pt]{minimal}
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The CMS detector {#Sec2}
================

The central feature of the CMS apparatus is a superconducting solenoid, of 6 m internal diameter, providing an axial magnetic field of 3.8$\documentclass[12pt]{minimal}
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Data and simulation {#Sec3}
===================

The cross section measurement is performed using the 8$\documentclass[12pt]{minimal}
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                \begin{document}$$172.5\,\text {GeV} $$\end{document}$. The CT10 \[[@CR36]\] PDF set is used by [powheg]{.smallcaps} and the CTEQ6M \[[@CR37]--[@CR39]\] by [MadGraph]{.smallcaps}. The [pythia]{.smallcaps} (v.6.426) \[[@CR40]\] and [herwig]{.smallcaps} (v.6.520) \[[@CR41]\] generators are used to model the parton showering. The [pythia]{.smallcaps} shower matching is done using the MLM prescription \[[@CR42], [@CR43]\].

The top quark pair production cross section values are predicted to be $\documentclass[12pt]{minimal}
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                \begin{document}$$\,\text {TeV}$$\end{document}$, as calculated with the [Top++ 2.0]{.smallcaps} program to next-to-next-to-leading order (NNLO) in perturbative QCD, including soft-gluon resummation to next-to-next-to-leading logarithmic (NNLL) order (Ref. \[[@CR44]\] and references therein), and assuming $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$m_{\mathrm{t}} = 172.5\,\text {GeV} $$\end{document}$. The first uncertainty comes from the independent variation of the factorization and renormalization scales, while the second one is associated to variations in the PDF and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _S$$\end{document}$ following the PDF4LHC prescription with the MSTW2008 68% confidence level NNLO, CT10 NNLO, and NNPDF2.3 5f FFN PDF sets (Refs. \[[@CR37], [@CR38]\] and references therein, and Refs. \[[@CR36], [@CR39]\]).

The top quark transverse momentum is reweighted in samples simulated with [MadGraph]{.smallcaps} and [powheg]{.smallcaps}, when interfaced to [pythia]{.smallcaps}, in order to better describe the $\documentclass[12pt]{minimal}
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Pileup signals, i.e. extra activity due to additional pp interactions in the same bunch crossing, are incorporated by simulating additional interactions with a multiplicity matching the one inferred from data. The CMS detector response is modeled using [Geant4]{.smallcaps} \[[@CR52]\]. The simulated events are processed by the same reconstruction software as the collision data.

Reconstruction and event selection {#Sec4}
==================================

This analysis focuses on the selection of $\documentclass[12pt]{minimal}
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Signal events are required to have at least one pp interaction vertex, successfully reconstructed from at least four tracks, within limits on the longitudinal and radial coordinates \[[@CR58]\], and exactly one muon, or electron, with an origin consistent with the reconstructed vertex within limits on the impact parameters. Since the lepton from the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ decays into dileptons.Fig. 1Transverse momentum distributions of the first- and second-leading jet (*top*), the muon and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$E_{\mathrm {T}}^{\text {miss}}$$\end{document}$ distribution (*bottom*) for all relevant processes in the muon+jets channel with the requirement of at least one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}$$\end{document}$-tagged jet. The simulation is normalized to the standard model cross section values and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p_{\mathrm {T}}$$\end{document}$-reweighting is applied to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ contribution. The multijet background is negligible and not shown. The distributions are already corrected for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}$$\end{document}$ tagging efficiency scale factor. The hashed area shows the uncertainty in the luminosity measurement and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}$$\end{document}$ tagging systematic uncertainty. The last bin includes the overflow. The ratio between data and simulation is shown in the lower panels for bins with non-zero entries.eps

The missing energy in the transverse plane ($\documentclass[12pt]{minimal}
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Jets are clustered from the charged and neutral particles reconstructed with the PF algorithm, using the anti-$\documentclass[12pt]{minimal}
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                \begin{document}$$k_{\mathrm {T}} $$\end{document}$ jet algorithm \[[@CR59]\] with a radius parameter of 0.5. Particles identified as isolated muons or electrons are not used in the jet clustering. Jet energies are corrected for nonlinearities due to different responses in the calorimeters and for the differences between measured and simulated responses \[[@CR60]\]. Furthermore, to account for extra activity within a jet cone due to pileup, jet energies are corrected \[[@CR53], [@CR54]\] for charged hadrons that belong to a vertex other than the primary vertex, and for the amount of pileup expected in the jet area from neutral jet constituents.Fig. 2Distributions of the lepton-jet mass in the muon+jets (*left*) and electron+jets (*right*) channels, rescaled to the fit results

At least four jets are required with $\documentclass[12pt]{minimal}
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To reduce contamination from background processes, at least one of the jets has to be identified as a $\documentclass[12pt]{minimal}
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Owing to differences in the triggers and in the centre-of-mass energies, in the 7$\documentclass[12pt]{minimal}
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Visible and total cross section measurements {#Sec5}
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The acceptance values are provided in Table [1](#Tab1){ref-type="table"} for the two generators used in this analysis, [MadGraph]{.smallcaps} and [powheg]{.smallcaps}. The acceptance values are in agreement at the 1--2% level at 8$\documentclass[12pt]{minimal}
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The statistical uncertainty in the acceptance calculations is below 3%. The theoretical systematic uncertainties evaluated by varying the PDFs (Sect. [6](#Sec8){ref-type="sec"}) or the matching thresholds are in the range 0.1--0.2%. Variation of the factorization and renormalization scale induces a variation of up to 2% in the acceptance. These variations are already included in the systematic uncertainties quoted in Sect. [6](#Sec8){ref-type="sec"}.
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                \begin{document}$$p_{\mathrm {T}} $$\end{document}$-reweighting \[[@CR45], [@CR46]\] is always applied to the visible phase space as it provides a better agreement between data and simulation. On the other hand, given that the event weights were only determined in the phase space corresponding to the experimental selection, they have not been used for the extrapolation to the total cross section. Therefore, the non-reweighted acceptance is used to determine the total cross section. However, rescaling by the ratio of the values provided in Table [1](#Tab1){ref-type="table"} would allow a determination of the total cross section with the reweighted acceptance. The visible cross section does not depend on the acceptance *A*.

Selection efficiency {#Sec7}
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Systematic uncertainties {#Sec8}
========================

Systematic uncertainties are determined by varying each source within its estimated uncertainty and by propagating the variation to the cross section measurements. Template shapes and signal efficiencies are varied together according to the systematic uncertainty considered. The uncertainty is given by the shift in the fitted cross section and is cross-checked by repeating its estimation with pseudo-experiments using simulation. The systematically varied template shapes are fit to pseudo-data generated using the nominal template shapes and normalizations. The validation with pseudo-experiments shows that the fit performs as expected. All systematic uncertainties, except the ones related to $\documentclass[12pt]{minimal}
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The effect of uncertainties in the JES is evaluated by varying the JES within the $\documentclass[12pt]{minimal}
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Results and combination {#Sec9}
=======================

The results in the muon and electron channels, shown in Tables [6](#Tab6){ref-type="table"} and [7](#Tab7){ref-type="table"}, are in good agreement. The combination of the channel results is performed using the best linear unbiased estimator (BLUE) method \[[@CR68]--[@CR70]\]. Asymmetric systematic uncertainties are symmetrized for the use with BLUE by taking half of the full range, except for the "signal modelling" uncertainty, where the maximum, 4.4%, is taken for $\documentclass[12pt]{minimal}
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From the measurements of the total cross section at the two centre-of-mass energies, a cross section ratio $\documentclass[12pt]{minimal}
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Different strategies to take into account the multijet background are developed for the $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{Z} $$\end{document}$+jets contamination is estimated and subtracted using simulation. Other backgrounds, for example single top quark production, are neglected because of their smaller contributions. The nominal multijet shape is taken as the distribution measured in the sideband after subtracting the components described above.
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                \begin{document}$$\mathrm{Z} $$\end{document}$+jets templates, used in the likelihood maximization, are taken from simulation, while the multijet template is estimated from data as described above. Because of the similarity between the single top quark and the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ templates, the single top quark contribution is constrained by a Gaussian distribution of 30% width to its expected value. The choice of the constraint has a negligible effect on the final result. The normalization of the signal and background processes, including the multijet background, is determined by the fit itself. The muon and electron channels are combined with the BLUE method to obtain the quoted combined result. The measured cross section with the $\documentclass[12pt]{minimal}
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Summary {#Sec14}
=======
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                \begin{document}$$\sqrt{s}=8\,\text {TeV} $$\end{document}$ is presented, using the data collected with the CMS detector and corresponding to an integrated luminosity of 19.6$\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ lepton+jets decay channel with one muon or electron and at least four jets in the final state with at least one $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}$$\end{document}$-tagged jet. The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{t}\overline{\mathrm{t}}$$\end{document}$ cross section is extracted using a binned maximum-likelihood fit of templates from simulated events to the data sample. The results from the two lepton+jets channels are combined using the BLUE method.

Techniques based on control samples in data are used to determine the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{b}$$\end{document}$ tagging efficiency and to calibrate the jet energy scale. These techniques allow for a better determination of the corresponding systematic uncertainties, particularly for the JES, which is a dominant source of experimental uncertainty.

In the kinematic range defined in the simulation with exactly one muon, or electron, with $\documentclass[12pt]{minimal}
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                \begin{document}$$ 3.80 \pm 0.06\,\text {(stat)} \pm 0.18\,\text {(syst)} \pm 0.10\,\text {(lumi)} \text { pb}. $$\end{document}$

Using the [MadGraph]{.smallcaps} generator for the extrapolation to the full phase space, the total $\documentclass[12pt]{minimal}
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                \begin{document}$$M_3$$\end{document}$, is in good agreement with this value.

Furthermore, the analysis performed using data at $\documentclass[12pt]{minimal}
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                \begin{document}$$ 161.7 \pm 6.0\,\text {(stat)} \pm 12.0\,\text {(syst)} \pm 3.6\,\text {(lumi)} \text { pb} $$\end{document}$. The measured cross section ratio, where a number of experimental uncertainties cancel out, is $\documentclass[12pt]{minimal}
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                \begin{document}$$1.43 \pm 0.04\,\text {(stat)} \pm 0.07\,\text {(syst)} \pm 0.05\,\text {(lumi)}.$$\end{document}$

All measurements are in agreement with the NNLO theoretical predictions.
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